The APMP/TCRI Dosimetry Working Group performed the APMP.RI(I)-K3 key comparison of measurement of air kerma for medium-energy x-rays (100 kV to 250 kV) between 2000 and 2003. In total, 11 institutes took part in the comparison, among which 8 were APMP member laboratories. Two commercial cavity ionization chambers were used as transfer instruments and circulated among the participants. All the participants established the 100 kV, 135 kV, 180 kV and 250 kV x-ray beam qualities equivalent to those of the BIPM. T he results showed that the maximum difference between the participants and the BIPM in the medium-energy x-ray range, evaluated using the comparison data of the linking laboratories ARPANSA and PTB, is less than 1.4 %. The degrees of equivalence between the participants are presented and this comparison confirms the calibration capabilities of the participating laboratories.
participating laboratories and contact persons for this APMP.RI(I)-K3 key comparison.
Comparison methodology
The methods used in international ionizing radiation comparisons can be divided into two types: direct comparisons (DC) and indirect comparisons (IC). In direct comparisons, each participating laboratory takes its primary standard to a single laboratory to participate in the measurement comparison. That is, each participating laboratory performs comparison measurements in the same radiation field and under the same environmental conditions. In indirect comparisons, the participating laboratories sequentially calibrate the same transfer chamber using similar radiation fields in their own laboratories. Considering that the typical primary standard for measuring medium-energy x-rays -a free air ionization chamber -is too unwieldy to be moved and positioned in a simple manner, it was considered that a direct comparison program would be unrealistic. Hence, it was decided to make this APMP.RI(I)-K3 key comparison indirectly by circulating transfer chambers.
Comparison conditions
Currently, international comparisons for medium-energy x-rays are made on the basis of beam qualities that have been approved by the CCRI and are used at the Bureau Table 2 [1]. The participating laboratories established equivalent beam qualities as indicated in Table 3 . The traceability of the standard used at each laboratory and the transfer chamber calibration conditions are given in Table 4 . All the chamber calibration coefficients were normalized to 20 °C and 101.325 kPa and were provided in units of Gy C -1 .
International des Poids et Mesures (BIPM). The four beam qualities are indicated in

The transfer chambers used in the comparison
This comparison employed INER's two high-stability, 0.6 cm 3 PTW-30001 ionization chambers as transfer instruments. The chambers were circulated without an electrometer. The TCRI chose this type of chamber because it had been used by the VNIIM (Russia) in a medium-energy x-ray comparison with the BIPM and the measured calibration coefficients agreed to within 0.5 % [2] at all four x-ray beam qualities. The characteristics of the transfer chambers and the polarity of the voltage 3 applied in the participating laboratories are given in Table 5 .
Schedule for the comparison
After discussions with all eleven participating laboratories, the comparison was scheduled to begin in July 2000 and end in June 2003. Laboratories were requested to complete their calibrations within a month. In order to verify the stability and functioning of the PTW-30001 transfer chambers during the period of the comparison, each laboratory was required to send the chambers back to INER for stability tests in 60 Co as soon as it finished its calibrations [3] . An additional month was allowed for the round trip of these two transfer chambers between INER and a participating laboratory.
The INER would pass the chambers to the next laboratory for calibration when stability tests were complete.
In order to control the progress and timing of the whole comparison, the INER agreed to take responsibility for the organization and costs of transportation.
Calibration certificates
It was expected that participating laboratories would submit calibration certificates in English within a month of the calibrations. The format of this certificate could be identical to that normally used by the participating laboratory. The content must include at least the air kerma calibration coefficients (Gy C -1 ) of the ionization chambers, the air kerma rate of the radiation field (mGy s -1 ), the calibration distance and the expanded uncertainty (with coverage factor k = 2) of the calibration coefficients. Furthermore, it was requested that the relative humidity conditions at the time of calibration be stated on the certificate. Ideally, the relative humidity of the participating laboratories at the time of measurement should be within the range from 30 % to 70 %.
Evaluation of measurement uncertainty
All the participating laboratories were required to evaluate the uncertainty of calibration coefficients as Type A and Type B according to the criteria of the "Guide to 
The comparison report
When the comparison was completed, the INER combined the measured calibration coefficients from all the participating laboratories to obtain mean values of the calibration coefficients for each beam quality. This allowed the production of a plot of the distribution of the measured calibration coefficients for each quality, and the production of a draft comparison report. The draft comparison report was sent to the participating laboratories for confirmation of results and any additional comments.
When all participants had responded, the draft was further edited into a final report and submitted to the APMP/TCRI chairperson. This was accepted and the degrees of equivalence were then calculated as presented in the current report.
The linking of regional comparisons to international comparisons
To link the APMP/TCRI comparison (a regional comparison) with the BIPM (an international comparison), two participating laboratories (PTB and ARPANSA) that had made comparisons with the BIPM for the measurement of air kerma for medium-energy x-rays were used to play the role of "linking laboratories". Then, through the following equation, the measured calibration coefficients for each laboratory were converted to air kerma ratios relative to the BIPM;
In this equation, ARPANSA/BIPM and PTB/BIPM for medium-energy x-rays to be used as the links are given in Table 6 .
Results and discussion
The results of the transfer chamber stability tests made at the pilot laboratory, the INER, The results have been analysed following the guidance given in [8] . Unweighted mean values have been used to combine the data for the two transfer chambers and for the two linking laboratories. Table 9 gives the comparison result for each laboratory, evaluated using equation (1), for each of the linking laboratories ARPANSA and PTB.
The ratios are unweighted means for the two chambers, the difference for each chamber being typically around 0.5 %. Comparing the values in Table 9 , it is seen that regardless of whether the link is evaluated via the ARPANSA or the PTB, the results are consistent within 0.4 %. This consistency allows the mean ratio obtained from Table 9 to be the final comparison result R NMI,BIPM for each laboratory relative to the BIPM, as given in Table 10 and Figure 7 . The largest deviation from unity in Figure 7 for the medium-energy kilovoltage x-ray range is less than 1.4 %.
The combined standard uncertainty u NMI,BIPM of R NMI,BIPM for each laboratory is also given in Table 10 . The uncertainty has four components: (i) the laboratory calibration uncertainty as given in the appendix; (ii) the BIPM uncertainty (0.21 %); (iii) the uncertainty u stab arising from the stability of the transfer chambers, where As can be seen from Table 10 and Figure 7 , there are no obvious outliers and only two results in 34 deviate from unity by more than two standard deviations, a distribution that one would expect statistically.
Degrees of equivalence
The analysis of the results of BIPM comparisons in medium-energy x-rays in terms of degrees of equivalence is described in [5] . Following a decision of the CCRI, the BIPM determination of the air kerma is taken as the key comparison reference value x R,i , for each of the CCRI radiation qualities. It follows that for each NMI i having comparison result R i,BIPM (denoted in earlier sections as R NMI,BIPM ) with combined standard uncertainty u i,BIPM , (as given in Table 10 ), the degree of equivalence with respect to the reference value is D i = R i,BIPM -1 and its expanded uncertainty U i = 2 u i,BIPM . The results for D i and U i , including those of the present comparison, are shown in Figure 8 and in Tables 11 to 14 for the four radiation qualities, expressed in mGy/Gy. It should be noted that for consistency within the KCDB, a simplified level of nomenclature is used in these tables with
The degree of equivalence of NMI i with respect to each NMI j is the difference 
Conclusion
This comparison of air kerma measurement standards is the first to be conducted in the Asia-Pacific region using the BIPM medium-energy x-ray beam qualities. The results
show the calibration capabilities of all participating laboratories to be in general agreement within the stated uncertainties. As a result, each participating laboratory has not only verified its own measurement capabilities but also strengthened technical cooperation and the exchange of ideas with other laboratories in the process of achieving a comparison link with the BIPM. 
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